We study the M BH -M host relation as a function of Cosmic Time in a sample of 96 quasars from z = 3 to the present epoch. In this paper we describe the sample, the data sources and the new spectroscopic observations. We then illustrate how we derive M BH from single-epoch spectra, pointing out the uncertainties in the procedure. In a companion paper, we address the dependence of the ratio between the black hole mass and the host galaxy luminosity and mass on Cosmic Time.
INTRODUCTION
The discovery of tight relations between the mass of massive black holes, MBH, and the large scale properties of the galaxies where they reside (see Ferrarese 2006 , for a review) is one of the most intriguing results in astrophysics of the last decade, given the consequences in the frame of galaxy formation and evolution. When and how these relations are set are still open questions.
Measuring MBH of quiescent massive black holes is extremely challenging even in nearby galaxies, and has been done successfully only in few tens of cases (Ferrarese 2006; Pastorini et al. 2007) . By contrast, an estimate of MBH in Type-I Active Galactic Nuclei (AGN) is possible by assuming that the gas emitting broad lines is in virial equilibrium (Peterson & Wandel 2000 , but see also Marconi et al. 2008 and references therein for possible effects of nonvirial components), and that the line width traces the black hole potential well. Based on reverberation mapping studies (Blandford & McKee 1982) , Kaspi et al. (2000) found a correlation between the characteristic size of the broad line region (hereafter, BLR) and the continuum luminosity of the AGN. This allows an estimate of the black hole mass from single epoch low-resolution spectra.
In order to sample the black hole -host galaxy relations through a wide range of Cosmic Ages, one has to focus on the brightest AGN. Quasars have been detected up to z ∼ > 6 ( Fan et al. 2004 ). Large field surveys such as the SDSS ⋆ E-mail: decarli@mpia-hd.mpg.de allowed a detailed spectroscopic study of ∼ 60, 000 quasars with z < 4 (Shen et al. 2008 ). The drawback is that the typical nuclear-to-host luminosity ratio in quasars is such that the light from the host galaxy is outshone by the nuclear component. This usually prevents the detection of stellar features in the spectra of bright quasars. Only through the excellent resolution of the HST, together with state-of-art observing techniques in the NIR at ground-based telescopes, the detection of the extended emission of the host galaxies of few hundreds of quasars up to z ∼ < 3 became possible (see Kotilainen et al. 2009 , and references therein).
In this project we focus on quasars in the redshift range 0 < z < 3 with known host galaxy luminosity, in order to study the evolution of the MBH-M host relation. This will shed some light on the joint evolution of black holes and galaxies up to and immediately beyond the crucial age of maximum quasar activity (Dunlop & Peacock 1990 ) and star formation (Madau et al. 1998 ). Here we present the sample, the new spectroscopic observations and we infer the black hole masses. In a companion paper (Decarli et al. 2009c) , we address the topic of the MBH-M host relation as a function of Cosmic Time.
Throughout the paper, we adopt a concordance cosmology with H0 = 70 km/s/Mpc, Ωm = 0.3, ΩΛ = 0.7. We converted the results of other authors to this cosmology when adopting their relations and data.
THE SAMPLE
Up to now, few hundreds of quasar host galaxies have been resolved at z < 3. In order to minimize the uncertainties due to colour and filter corrections, we select objects observed with filters roughly sampling the rest-frame R-band. Furthermore, as the MBH-M host relation is sensitive to the spheroidal rather than the total mass of the host galaxy (Marconi & Hunt 2003; Häring & Rix 2004) , we consider only those targets with host galaxies classified as elliptical. Our sample consists of: i-43 low redshift (z ∼ < 0.5) quasars imaged with the HSTWide Field Camera (Bahcall et al. 1997; Hooper et al. 1997; Boyce et al. 1998; Kirhakos et al. 1999; Hamilton et al. 2002; Pagani et al. 2003; Dunlop et al. 2003; Floyd et al. 2004; Labita et al. 2006; Kim et al. 2008) . They represent the bulk of our knowledge of low-z quasar host galaxies. UV spectra of 28 of these quasars are taken from the HST Faint Object Spectrograph archive (see Labita et al. 2006) . For 36 objects we collect optical spectra from the Sloan Digital Sky Survey (Adelman-McCarthy et al. 2007, 13 quasars) and through on-purpose observations taken at the Asiago Telescope (23 quasars; see Decarli et al. 2008) .
ii-60 mid-and high-redshift (z > 0.5) quasars imaged in the NIR through ground-based observations under optimal seeing conditions performed by our group (50 objects; see Kotilainen et al. 1998 Kotilainen et al. , 2000 Falomo et al. 2004 Falomo et al. , 2005 Hyvönen et al. 2007a,b; Kotilainen et al. 2007; Falomo et al. 2008; Kotilainen et al. 2009; Decarli Treves & Falomo 2009a) or from HSTbased compilations (10 sources from Kukula et al. 2001; Ridgway et al. 2001) . We note that all these studies have very high host galaxy detection rates (>85 per cent at z < 2, >60 per cent beyond z = 2). Optical spectra were collected at the Nordic Optical Telescope and the ESO/3.6m telescope (see section 3).
The 5 unresolved quasars in Kotilainen et al. (2009) were spectroscopically observed when the analysis of the imaging data was not complete yet. They are not included in the study of the evolution of the MBH-M host relation. Other two objects were dropped, as we could not estimate MBH from our spectra (see Appendix A). Therefore the final sample consists of 96 quasars. According to the Veron-Cetty & Veron (2006) catalogue, 48 of them are radio loud quasars (RLQs) and 48 are radio quiet (RQQs). We remark that our sample is approximately twice as large as those of Peng et al. (2006a,b) and McLure et al. (2006) and represents the largest dataset ever considered in the study of the evolution of the MBH-M host relation. The distribution of our targets in the (z,MV ) plane is shown in Figure  1 . Table A1 lists the main properties of each quasar in our sample.
NEW OBSERVATIONS, DATA REDUCTION
Spectra of the z > 0.5 quasars were collected in 5 observing runs at the European Southern Observatory (ESO) 3.6m telescope in La Silla (Chile) and at the 2.56m Nordic Optical Telescope (NOT) in La Palma (Spain). Table 1 lists the dates of the observations and the number of spectra col- (1991) . Filled symbols refer to the mid-and high-z data for which we present optical spectroscopy in this paper. Empty symbols mark the z ∼ < 0.5 data from Labita et al. (2006) and Decarli et al. (2008) . Circles are radio loud quasars, triangles are radio quiet. The broad emission lines observed in the various redshift windows are also labelled. We note that the −27 < M V < −26 luminosity range (long-dashed lines), as well as the M * (z) > M V > M * (z)−1 (where M * (z) is the characteristic luminosity of the quasar luminosity function by Boyle et al. 2000, plotted in short-dashed lines) are well sampled at any redshift bin.
lected in each run, while table A2 summarizes the journal of observations. The ESO Faint Object Spectrograph and Camera (v.2, EFOSC2; see Buzzoni et al. 1984) and its twin NOT instrument, the Andalucia Faint Object Spectrograph and Camera (ALFOSC), were mounted in long-slit spectroscopy configuration. EFOSC2 observations were carried out with grism #4, yielding a spectral resolution of R ∼ 400 (1.2" slit) in the spectral range 4100-7500Å (∆λ/pxl=3.36Å/pxl). For NOT observations, we used ALFOSC grisms #6 and #7, which allow the observation of the 3500-5530 1 and 3800-6840Å windows with spectral resolutions R ∼ 490 and 650 with the 1.0" slit (∆λ/pxl≈ 1.5Å/pxl). At the central wavelength, the instrumental resolutions are 12.6Å (EFOSC2+grism #4) and 8.2Å (ALFOSC+grism #6 and #7) .
Standard IRAF tools were used in the data reduction. The ccdred package was employed to perform bias subtrac- Figure 2 . The combined spectrum of the quasars considered in the present study, normalized to the continuum value at 2250Å. The median spectrum is plotted with a solid line. Main emission lines are labelled. The shaded regions mark the intervals used in the fit of the continuum. The resulting fit is plotted as a dash line. tion, flat field correction, image alignment and combination. Cosmic rays were eliminated by combining 3 or more exposures of the same objects, and applying crreject algorithm while averaging. When only one or two bidimensional spectra were available, we applied the cosmicrays task in the crutils package. In these cases, in order to prevent the task from altering the narrow component of emission lines, we masked the central region of our bidimensional spectra. The spectra extraction, the background subtraction and the calibrations both in wavelength and in flux were performed with doslit task in specred package, using 2007) . Average signal to noise ratio of our spectra is ∼30. The composite spectrum, obtained by median averaging rest frame individual observations of these new data, is presented in Figure 2 . The whole dataset is available electronically at www.dfm.uninsubria.it/astro/caqos/.
DATA ANALYSIS
We focus our attention on the analysis required to estimate MBH from single epoch observations of the rest-frame UV spectra of quasars. Applied to the gas in the BLR of Type-1 AGN, the virial paradigm yields:
where RBLR is the characteristic radius of the broad line emission, and vBLR is the velocity of the emitting clouds at RBLR. The cloud velocity can be inferred from the width of the broad emission lines, e.g.:
where f is a geometrical factor around unity which accounts for the de-projection of vBLR from the line-of-sight, and FWHM is the Full Width at Half Maximum of the line profile (see McGill et al. 2008 and Decarli et al. 2008 for discussions on other line width parametrizations). On the other hand, the BLR size cannot be directly measured from single epoch spectra. Our estimates of the broad line region size rely on the discovery that RBLR scales with a certain power of the continuum luminosity of the AGN, λL λ (see Kaspi et al. 2000) , as expected from simple photoionization models.
The continuum luminosity and the BLR size
Quasar UV-optical spectra are characterized by the superposition of the following components:
-A power-law-like continuum from the nucleus; -Broad lines emitted within the BH influence radius; -Narrow emission lines from the quasar host galaxy and the AGN Narrow Line Region; -The star light continuum from the host galaxy; -A pseudo-continuum due to the blending of several Fe ii and Fe iii multiplets.
In order to infer the BLR radius, we have to isolate the first component from the others. Our spectra cover the restframe UV range of bright AGN, where the flux from the host galaxy star light is always negligible. The contamination of both broad and narrow emission lines is usually avoided simply by fitting the power-law continuum to the observed spectra in a number of wavelength windows free of strong features. Here we adopted the intervals: 1351-1362, 1452-1480, 1680-1710, 1796-1834, 1970-2010, 2188-2243, 2950-2990, 3046-3090Å (see Figure 2) . The fitted parameters, together with the derived monochromatic specific fluxes and luminosities are reported in table A3. We note that the luminosity estimates obtained through the fit of the power-law component and those obtained from a direct measure of the continuum at 1350 and 3000Å are practically equivalent in our datasets, the differences being < 10 per cent on average.
Concerning luminosity-radius relations, simple photoionization models with a constant ionization parameter predict that a ionizing source emitting isotropically affects a region with a characteristic radius scaling as the square root of the source luminosity. This dependence has been confirmed in several reverberation mapping studies focused on Hβ. Time-lag data of the rest-frame UV lines are still limited in number, therefore any available relation for Mg ii and C iv is affected by poor statistics (e.g., see figure 6 in Kaspi et al. 2007 ). For consistency with our low-redshift studies, we will refer to the the relations provided by McLure & Jarvis (2002) 
All these relations are based on low-redshift (z < 0.3) objects, with the only exception of S5 0836+71 (z = 2.17; see Kaspi et al. 2007) . Throughout this work, we assume that no significant Cosmic evolution of the radius-luminosity relations occurs in the sampled redshift range. The C iv relation is poorly constrained, as mentioned above, especially in the bright side where most of our objects reside. Assuming a different slope of the luminosity-time lag relation, e.g., 0.5, affects our radius estimates at λL λ ∼ 10 47 erg/s up to 0.2 dex (i.e., a factor ≈ 1.7). Nevertheless, we stress here that in terms of MBH estimates such a difference would result in a global offset of all values and in a re-definition of the geometrical factor f , with little effect on the evolution of the MBH-M host relation.
The scatter around the luminosity-radius relations dominates the uncertainties in the radius estimates, contributing up to a factor ∼ 2, while the uncertainties in the luminosity estimates never exceed 10 per cent.
Emission line widths and cloud velocities
Measuring the width of broad lines consists of three key steps: the definition of the local continuum, the removal of contaminating spectral features (in particular the Fe ii multiplets), and the fit with a certain analytical function.
We define underlying continua by matching the fluxes in the windows 2230-2250 and 3020-3050Å for Mg ii and 1465-1485 and 1685-1705Å for C iv, where no significant feature is observed (see Figure 3) . To evaluate the effects of Fe ii contamination, we first fitted the Mg ii and C iv lines in the 2720-2880 and 1490-1570Å windows, where the Fe ii contribution is less relevant. Then, we compared these estimates of the line widths with those obtained by fitting the 2450-3020 and 1490-1620Å regions with a superposition of a broad line model plus a template reproducing the Fe ii emission (Vestergaard & Wilkes 2001) . In the latter approach the Fe ii emission observed in narrow line Type-1 AGN (usually, IZw001) is taken as representative for all quasars, after being properly broadened. The validity of this assumption has been widely discussed in the literature, both from a theoretical and an observational point of view (e.g., Phillips 1978; Boroson & Green 1992; Marziani et al. 2003; Tsuzuki et al. 2006; McGill et al. 2008) . Since most Fe ii lines are blended with each others, their width is hardly constrained. We therefore fixed their broadening to the width of C iv and Mg ii lines. Figure 3 shows examples of fits on C iv and Mg ii. Line width estimates obtained with or without the Fe ii modelling are usually consistent within 20 per cent, but Mg ii shows few deviations larger than 30 per cent, especially when the Fe ii emission is strong with respect to the line flux. Hereafter, we will refer to the line models obtained by template fitting the Fe ii emission.
Concerning the fitted function, a single gaussian usually does not provide satisfactory fits, especially for C iv (see Decarli et al. 2008; Shen et al. 2008; Bon et al. 2009 ). We performed our analysis both with the sum of 2 gaussian profiles with the same peak (hereafter, G2) and the Gauss-Hermite series (GH; Van Der Marel & Franx 1993) , truncated at the fourth order. Reduced-χ 2 values obtained from these functions are similarly good, suggesting that both functions can describe line profiles reasonably well. No significant offset is observed among the line width estimates based on the two functions, the residuals lying within 20 per cent (see also Figure A1 in Decarli et al. 2008 ). We thus conclude that the two functions are equivalent to our purposes. We note that, since G2 fits are necessarily symmetric, while GH fits are not, the consistency between the two estimates of the line width suggests that the FWHM is poorly sensitive to line profile asymmetries. Throughout the paper, we will refer to the FWHM estimates based on GH fits.
Summarizing, we estimate that the typical uncertainties in the line width estimates due to the adopted fit procedures lie within 20 per cent, and usually even lower (if some modelling of the Fe ii emission is adopted). Reduced-χ 2 maps suggest that, given the high signal to noise ratio of our data (exceeding 20 in all but few cases), formal uncertainties in the parameter estimates contribute to ∼ < 10 per cent of the FWHM value. Therefore, we conclude that typical uncertainties in the FWHM estimates are around 20 per cent.
VIRIAL ESTIMATES OF BH MASSES
In this section, we match the new estimates of the continuum luminosity, FWHM and MBH with those from our previous low-z studies (Labita et al. 2006; Decarli et al. 2008) .
In Figure 4 , we plot the distribution of our data in the (λL λ ,FWHM) plane (see a similar approach in Fine et al. 2008; Labita et al. 2009a ). This allows us to monitor how observable quantities (here, the continuum luminosity of the quasar and the line widths) affect our estimates of MBH and the Eddington ratio, L/L Edd , derived assuming Table 2 , while data of individual quasars are given in table A3.
The monochromatic luminosity at 5100Å is on average 3.5 times fainter than at 1350Å in the same redshift bin. This is consistent with an average power-law index of the quasar continuum α close to 2 (defined so that F λ ∝ λ −α ). The 3000Å luminosities sampled in our study range from few times 10 44 to 10 47 erg/s, the bulk being around 10 46 erg/s. The C iv data at high-z are more clustered around approximately the same luminosity as Mg ii data, ≈ 6 · 10 45 erg/s. This thinner distribution is due to the combination of two selection effects: lowest luminosity quasars are missed due to the Malmquist bias (the C iv line falls in the optical bands at z > 1.6, see Figure 1 ); highest luminosity quasars were rejected in the studies of the host galaxy luminosities, in order to make the detection of the extend emission around the nuclear source more feasible (see Figure 1 and Kotilainen et al. 2009 ).
Concerning the line widths, Hβ values show a wider dispersion with respect to the Mg ii line, notwithstanding the two lines have similar ionization potential, thus they are believed to originate in the same regions (see also Shen et al. 2008; Labita et al. 2009a,b) . Low-redshift data from the C iv line show a smaller average value with respect to both Hβ and high-z C iv data, and a significantly narrower distribution (see the discussion in Decarli et al. 2008) .
With only few exceptions, all our data reside in the locus defined by 10 Figure 5 we compare the distributions of MBH and L/L Edd from our dataset with the huge quasar sample from (2), λL λ (3), M BH (4) and L/L Edd (5) for all the subsamples in this study. . We dropped our low-z, C iv-based data from this comparison as they do not have any counterpart in the S08 data. The distributions of black hole masses and Eddington ratios computed from Hβ in our study are in substantial agreement with those by S08. On the other hand, the black hole masses in our sample have increasingly smaller values than those from S08. We interpret this trend as the superposition of a number of effects: the luminosity cut adopted by Kotilainen et al. (2009) for z > 2 objects, the evolution of the luminosity and mass functions of active black holes through redshift and the occurrence of the Malmquist bias (on this topic, see Labita et al. 2009a,b) . On average, the Eddington ratios sampled in our study do not λL λ of the objects in the same redshift ranges than our study. All the derived quantities (e.g., M BH and L/L Edd ) are re-computed following the recipes discussed in this work. show significant differences with respect to those in S08, nor evolution from z = 0 to z = 3. The relatively small statistics and the luminosity-based selection of the targets in our sample hinder the study of the dependence of MBH on the redshift. We note that, on average, the higher is the redshift, the more massive are the black holes (see Figure 6 ). The linear best fit is: log MBH/M⊙ = (0.19 ± 0.06)z + (8.98 ± 0.06)
This trend is in qualitative agreement with the one found by Labita et al. (2009b) with a procedure aimed to minimize the Malmquist bias. However, the occurrence of selection biases cannot be ruled out in the present work.
CONCLUSIONS
We start from a list of 96 quasars with known host galaxy luminosity. New, high-quality (S/N∼30) spectra of the midand high-redshift targets (z > 0.5) are presented here and matched with those of low-z quasars we collected in our previous studies. We analyse the continuum luminosity and profiles of broad emission lines in order to infer black hole masses. In particular, the C iv line is studied both at low and high redshift, thus avoiding a systematic error related to the adopted emission line in the estimate of MBH. We found that high redshift quasars in our sample do have, on average, larger BH masses than local ones, but we note that this result is potentially affected by the luminosity selection and the Malmquist bias. In a accompanying Paper II, we study the ratio between MBH and the luminosity and mass of the host galaxies of the quasars in our sample, and its evolution as a function of the redshift. PKS 0440-00 has a literature redshift of 0.844, inferred from the detection of a possible emission line at 5158Å (Schmidt 1977) . Our spectrum clearly shows that the Mg ii line is actually present, but it is peaked at 4496Å, yielding z = 0.607. The Fe ii features around Mg ii support the line identification. In particular, we note that a bump typical of the Fe ii system red-wards the Mg ii line is observed at ∼ 5150Å.
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Quasars 4C02.54 and PKS1102-242 were observed during N36 and E78 respectively. Since the broad lines of interest fall right on the edges of the observed ranges of the collected spectra, we can not infer reliable estimates of MBH for these objects. Veron-Cetty & Veron (2006) . (1) (2008); Exx=new ESO/3.6m observations (E77=September, 2006; E78=March, 2007; E79=September, 2007) ; Nxx=new NOT observations (N35=April, 2007; N36=October, 2007 Table A3 : Continuum and line fit parameters.
(1) quasar name; (2) catalogue redshift; (3) spectral index of the fitted power-law defined so that log F λ = α log λ + const; (4) quasar monochromatic flux as estimated from the fitted power-law at λ = 5100, 3000, 1350Å (for Hβ, Mg ii and C iv respectively); (5) monochromatic luminosity as computed from column (4) and assuming H0 = 70 km/s/Mpc, Ωm = 0.3, ΩΛ = 0.7; (6) fitted line; (7) FWHM, estimated with GH fit after modeling Fe ii emission; (8) Black hole masses, assuming f (Hβ,Mg ii)=1.6 and f (C iv)=2.4. (9) Eddington ratio, assuming L Bol /λL λ =9.26, 5.15 and 3.81 for Hβ, Mg ii and C iv respectively. 
